This paper focuses on the copy measurement to measure radial wear of ball end mill. Then, the model of tool wear was established through tool wear test. The results of experiment show that the model is of higher precision and is useful to predict the amount of wear. Finally, a milling process optimization model was proposed by maximizing efficiency and minimizing cost targets. In addition, we aimed to get the reasonable high speed milling parameters by choosing nondominated sorting genetic algorithm II (NSGA-II) to solve the model. 1
INTRODUCTION
High Speed Milling is a highly advanced manufacturing technology characterized by high efficiency and high precision. It improves the efficiency of mold manufacturing. In the process of high speed milling there are some research progress in tool wear and optimization milling parameters. Senthil Kumar, A., etc. [1] established the model of tool wear and time variable, tool wear experiment was carried out by stainless steel (SS410), determined tool wear empirical formula by multiple linear regression. The United States, Germany and Sweden and other countries except for specific milling process parameters optimization [2, 3] , has formed the adaptability good cutting database. However, tool performance has failed to be fully played in the process of high speed milling of 3Cr2Mo steel mold, because there is little quantitative description of the method about the law of tool wear. Reasonable high speed milling parameters can't be determined based on the traditional methods. In addition, the advantages of high speed milling can't be fully taken according to the experience of milling parameters. Further research is still necessary in the study of tool wear on effective method of cutting parameters model. It's also hoped that the manufacturing efficiency and the cost would be taken into consideration in the machining process. Thus, the method of multi-objective milling parameter optimization is of high value. This paper extends the method of the copy measurement to measure radical wear of ball end mill. Tool wear model is established by experiment based on this method. Furthermore, the milling parameters optimization model is reported with the goal to maximize productivity and minimize the cost.
METHOD OF MEASUREMENT FOR WEAR
The tool wear is mainly measured by microscope measuring tool wear. However, the process of measurement is complicated and takes too long. This method could be more reasonable if they had taken the complication and time it takes into consideration. The purpose of this paper is to propose the copy measurement, which refers from the thought of "the milling cutter contour copy" [4] . This method is to measure the amount of wear after the test to keep the continuity of the tool wear test process and shorten the test time.
The sectional radius of ball end mill will reduce from R h to R h ＇ after the milling process. As shown in Figure 1 , the relationship between the flank wear width VB and sectional radius NB is as follows:
Known by the formula (1), there is a linear relationship VB and NB, and the widely applicable cutter life test standard of tool failure is the VB. Therefore, we choose NB as a cutting tool failure criterion instead of VB.
As is shown in Figure 2 , mill two holes of the same depth before and after the experiment on duplicate plate respectively. The value difference of holes radius outline is the tool wear amount during the tool test. Then, measure the outline radius R h using the image. The specific method is as follows: As is shown in Figure 3 , take pictures to get round hole profile image by using OLYMPUS OLS3100 laser confocal microscope copy hole camera. Afterwards, detect the edge of the circle contour by using the edge function provided by the software MATLAB. Furthermore, take 12 markers at the approximate average of the circumferential edge to get the circle radius value R h by the least squares principle. The copy measurement could measure tool wear continuously and improve the measurement efficiency.
TOOL WEAR MODELING AND EXPERIMENT
Machine tool: DMU 60 mono BLOCK CNC machining center. Cutter: OSK KM 2BRNL end mill. Work piece: pre-hardened 3Cr2Mo die steel plate. Copying plate: 3Cr2Mo die steel plate that the upper and lower surface is fine grinded and the upper surface is polished. Milling method: the plane is milled by reciprocating and equidistant tool path. The cutting fluid is emulsion and the tool inclination angle is 15 ° [5] .
The various factors and levels are selected from the parameter range of actual production. The wear test of cutter is designed by the method of orthogonal test and the parameters are shown in Table I . The test, milling depth is 0.03, 0.08, 0.13, and 0.18 mm, is match one-to-one with the copied hole of which the depth is 0.12, 0.18, 0.23 and 0.27 mm. 3 copied holes are milled in each test, The milling parameters of copied hole: The spindle speed is 2000 r/min, the feed rate of each tooth is 0.005mm/z. After the test, remove the copying plate. Copied holesˈ radius are measured by the method of copy measurement .The average of 3 copied holes date is shown in Table II . Suppose arbitrary section of the ball end mill is R h , the radius is R h1 as the time of cutting is t 1 and the radius is R h2 as cutting continuing to t 2 .During the period of t 2 , the tool wear is supposed to be ΔNB ：
The index model of relationship between tool wear and milling parameters is written as follows:
Where C is working condition of coefficient, is the spindle speed, p a is the depth of the milling, e a is the cutting width, z f is and the feed rate of each tooth, α is spindle speed coefficient；β is milling depth coefficient, γ is milling width coefficient, δ is feed per tooth coefficient.
Use multiple linear regression to solve the equations. The model of tool wear can be expressed as: 
The formula (5) shows that using higher spindle speed and smaller milling depth, milling width and feed engagement in high speed milling of 3Cr2Mo die steel can increase the tool life.
In order to verify the correctness of the model of tool wear, use the parameters to permit milling test. As the results shown in Table III , relative error between the measured value and calculated with formula (5) is -15.9% to 6.1%. So the model has a higher accuracy and can be used for prediction of wear.
OPTIMIZATION OF MILLING PARAMETERS
The best optimization goal is the maximum productivity and the minimum cost of production in the process of metal cutting parameter optimization. The optimized parameters are milling parameters, i.e., n , p a , e a and z f . The optimized variables x1, x2, x3, x4, respectively represent n , p a , e a , z f values.
Processing time and processing parameters of the target parameters can be described as:
Where V is volume of material to be removed, z is cutter tooth, z t is preparation time, h t is cutter change time, s t is processing time.
The objective function of production cost could be expressed as:
Where C s is conversion cost, C m is cost per unit time, C w is wage costs per unit time, t m is discretionary time. C t is cutter cost.
By substituting formula (6) into formula (7), so the production cost of a process can be calculated as follows: 3 , the tool life of T is determined by the formula (5) . The objective function of processing time is expressed as:
The objective function of production cost is given as: 
In consideration of cutting parameters and the actual production, the optimization model can be determined as: 1 
In this paper, a genetic algorithm (NSGA-II) is used to solve the optimization problem of milling parameters. NSGA-II is a kind of multi-objective optimization algorithm, which uses a more rapid non inferiority and the new diversity preserving strategy to improve the efficiency of computing.
It is known that the value of the objective function decreases with the increase of milling parameter value. While the nonlinear constraints don't involve x2.Therefore, the optimization is based on the maximal x2 (ap = 0.18 mm). The multi-objective optimization method is optimized to get the Pareto front end based on the theory of NSGA-II, as shown in Figure 5 . The front of Pareto trends indicates the production cost varies more compared with the processing time in the AB part, while in the CD part, the production cost varies compared with the processing time. In consideration of both production efficiency and production cost, the set of BC parts of Pareto is expected to set. Extract BC partial Pareto solution is shown in table IV. Conclusions can be drawn as follows by analyzing the Pareto solution:
(1) The target function value (time and cost) of each solution is of little fluctuation, and the difference between the various solutions (milling parameter) is not much, which is due to the influence of the parameters variation on the processing time and the processing cost is the same within the scope of milling parameters.
(2) The machining cost can be reduced greatly by increasing the speed of the main shaft and reducing the width of the milling, while the processing efficiency reduces little scope.
CONCLUSIONS
(1) The copy measurement can be used to measure the radial wear of ball end mill.
(2) The tool life experience formula can be concluded by the tool wear model after the standard of tool wear is given. In order to improve the tool life, the high spindle speed, the smaller milling depth, the cutting width and the feed rate of each tooth are suggested.
(3) Increase the spindle speed, reduce the milling width appropriately will greatly reduce the processing cost and the processing efficiency of little reduction. Take both the efficiency while cost of processing into account, it is appropriate to use high spindle speed, the appropriate large milling depth, the smaller the milling width and the feed per tooth. The better milling parameters range is as follows: the spindle speed is 18300~19300r/min, the depth of the milling is 0.18mm, the cutting width is 0.074~0.077mm, the feed rate of each tooth is 0.072~0.076mm/z. Recommended milling parameters are: the spindle speed is 18500r/min, the depth of the milling is 0.18mm, the cutting width is 0.07mm, the feed rate of each tooth is 0.08mm/z. The processing time is 29.11min, the processing cost is 127.99 yuan by using the recommended milling parameters.
